Patellofemoral instability is a complex problem, which can be difficult to manage. While most common among the adolescent age group, 1-3 the annual incidence of acute patellar dislocation in the general population is estimated between 5.8 and 43 per 100,000. 3-5 These isolated injuries can have lasting consequences, such as pain, recurrent instability, decreased activity level, and potentially patellofemoral arthritis. 2, 6, 7 Abstract Patellofemoral instability is a complex problem, which can be difficult to manage. The purpose of this study was to describe the demographics of patients with a first-time patellofemoral dislocation, and identify risk factors for recurrent instability. This was a single institution, institutional review board-approved, retrospective review of >2,000 patients with a patellar dislocation between 1998 and 2010. Inclusion criteria are as follows: (1) no prior history of patellofemoral subluxation or dislocation of the affected knee;
Several epidemiologic, anatomic, and radiographic risk factors for patellofemoral instability have been identified and described by various authors. 2, 7, 8 The classic characteristics include female gender, adolescence, and obesity. However, these risk factors have been questioned by several authors in recent years due to concerns for sampling bias given limitations of study design. 1, 9 Despite the relative frequency of these acute injuries, as well as the substantial body of literature on the topic, the prognosis for many of these patients remains uncertain. It is difficult to predict which patients will go on to have recurrent instability; therefore, the most appropriate treatment method is not always apparent at the time of the initial injury. The increasing number of options for surgical management can also complicate the treatment plan.
The majority of patients with a first-time dislocation are managed nonoperatively; however, a significant number of these patients have future problems with instability. According to prior studies, approximately 44% will have recurrent dislocations, 6, 7, 10, 11 and nearly half 7,12 will have recurrent instability or pain after nonoperative treatment. A detailed description of the demographics of these patients would provide valuable information which would likely influence management.
This study was undertaken to describe the demographics of a large cohort of patients with acute, first-time patellofemoral dislocation. The goal was to identify risk factors for recurrent instability and allow for a more accurate assessment of patients at the time of injury, to determine the most appropriate treatment plan.
Materials and Methods
Approval was obtained through the institutional review board for this single institution, retrospective review of patients with acute patellofemoral dislocation between January 1, 1998, and December 31, 2010. A search of our institution's database was performed, using keywords "patellofemoral subluxation/dislocation/instability" or "displaced patella." This generated a list of 2,039 patients. Clinical records were reviewed and selected for inclusion based on the following criteria:
• No prior history of patellofemoral subluxation/dislocation of the affected knee. • X-rays within 4 weeks of the initial instability episode. • A dislocated patella requiring reduction, or convincing history/findings suggestive of acute patellar dislocation (a subluxation or dislocation event associated with full giving away, effusion/hemarthrosis, tenderness along the medial parapatellar structures, and apprehension with lateral patellar translation). 1, 3, 13 Patients were excluded for the following reasons: associated major ligamentous injury (anterior cruciate ligament, posterior cruciate ligament, or lateral collateral ligament) or knee dislocation (115 patients), chronic/recurrent instability at the time of presentation or previous patellofemoral disorder (i.e., patellofemoral pain syndrome) (973), lack of appropriate imaging/records (55), history of total knee arthroplasty (15) , no clear history of acute patellofemoral dislocation (566), or no research authorization (3). Therefore, 1,727 patients were excluded from the initial 2,039 in the database. This left 312 patients, including 14 with bilateral involvement, for a total of 326 knees. Demographic data were recorded and radiographs were reviewed.
Of note, the results of the pediatric/adolescent portion of this cohort were previously reported. 14 
Radiographic Measurements
Radiographs performed within 4 weeks of the initial injury were obtained and analyzed by the senior authors (A.M., D.D.), who were blinded to the clinical history. Lateral and merchant view radiographs were evaluated for trochlear dysplasia using the Dejour classification system. 8, 10 Severity was graded based on the presence of the following: crossing sign, supratrochlear spur, and/or double contour sign. 8, 10 Patella alta was assessed on lateral radiographs using the Caton-Deschamps index and the Insall-Salvati index. 15, 16 If the patient met the definition of patella alta based on either index (>1.2), then he/she was considered to have patella alta (i.e., did not require both). Skeletal maturity was evaluated based on the distal femoral and proximal tibial physes, using one of the following categories: open, closing, or closed. Patients with open or closing physes were considered skeletally immature, and those with closed physes were considered skeletally mature. 17 
Statistical Methods
Statistical analysis was performed by a certified statistician, using SAS software. Pearson chi-square test was used to determine differences in demographic variables. The association of patient characteristics with the risk of recurrence was assessed using Cox proportional hazards regression, accounting for correlated data within patients having bilateral patellar dislocations. Recurrence-free survival was estimated with the Kaplan-Meier method. A p-value of <0.05 was considered statistically significant, with a 95% confidence interval.
Results
There were 326 knees (312 patients) who met criteria for inclusion (►Table 1). There were 145 females (46.5%) and 167 males (53.5%), with an average age of 19.6 years (range, 9-62 years). There were 55 patients (18.8%) whose occupation involved manual labor, and 238 students (81.2%). One hundred ninety-seven (60.6%) were sports-related injuries. One hundred sixteen knees (35.7%) demonstrated trochlear dysplasia, and 132 (40.6%) had patella alta. Of those with trochlear dysplasia, 63 (54.3%) were male and 53 (45.7%) were female. One hundred fifteen knees (35.3%) were skeletally immature, defined as open (8.6%) or closing (26.7%) physes, and 211 (64.7%) were skeletally mature, defined as completely closed physes.
Of the total 326 cases of acute patellar dislocation, 35 (10.7%) underwent early surgery (►Table 2). The mean time to surgery was 37 days. Of these 35 patients, 8 (22.9%) went on to have recurrent instability, and 7 of these 8 (87.5%) required a second or third surgery to gain stability.
The remaining patients were initially treated nonoperatively. Of the 291 patients in this group, 89 (30.6%) had recurrent instability. For 77 (86.5%) of these 89 patients, a recurrent instability episode occurred within the first 3 years. Forty-four (49.4%) of these 89 patients later required operative management.
When considering the group as a whole (regardless of initial treatment), 97 (29.8%) of 326 cases had recurrent patellofemoral subluxation/dislocation during the available follow-up period. The average time to recurrence was 16.5 months. Fifty-four (55.7%) were male and 43 (44.3%) were female. Fifty-six (57.7%) of the 97 had trochlear dysplasia, and 51 of the 97 (52.6%) underwent subsequent surgical treatment. The remaining 46 patients declined surgical intervention.
Demographic variables were analyzed independently to determine associations with increased risk of recurrent in-stability (►Table 3). Several risk factors were identified. Recurrent instability events were associated with younger age (hazard ratio [HR], 1.09; 95% CI, 1.05-1.13; p < 0.01), immature physes (HR, 2.22; 95% CI, 1.45-3.41; p < 0.01), a sports-related mechanism of injury (HR, 1.97; 95% CI, 1.24-3.12; p < 0.01), trochlear dysplasia (HR, 3.27; 95% CI, 2.14-4.99; p < 0.01), and patella alta (HR, 1.61; 95% CI, 1.07-2.43; p ¼ 0.02).
In this series, gender (HR, 0.87; 95% CI, 0.57-1.32; p ¼ 0.51) and BMI (HR, 0.98; 95% CI, 0.82-1.17; p ¼ 0.8) were not statistically associated with recurrent instability.
We also examined these variables in combination, specifically the presence or absence of patella alta and trochlear dysplasia, as well as age. The 5-year risk of recurrence estimates are shown in ►Table 4.
Of the total 291 patients in this series, 276 (95%) were seen in follow-up. The mean follow-up time in this series was 3.2 years (range, 0-13.5 years). For statistical purposes, follow-up was terminated when a recurrent instability event occurred. This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
Therefore, the median follow-up was 4.0 years, with 147 (73%) of 202 patients having greater than 1 year of follow-up. Patients were categorized based on age (greater or less than 25 years) and trochlear dysplasia (present or absent).
Compared with other groups, patients under 25 years of age with trochlear dysplasia had an HR of 3.06 and a statistically significant p-value (<0.01) (►Table 5). The 2-year Kaplan-Meier recurrence-free estimate for this group was 51%. This is Patients were categorized based on the presence or absence of trochlear dysplasia and patella alta. Trochlear dysplasia and patella alta were again identified as a statistically significant risk factors, as shown in ►Table 6. The 2-year Kaplan-Meier recurrence-free estimate for patients with trochlear dysplasia and patella alta was 48%, compared with 83% for those without either (►Fig. 2). The 5-year estimates were 38 and 80%, respectively.
Discussion
In this study, we describe the epidemiology of acute patellar dislocation and identify risk factors for recurrent instability. Strengths of this study include its large numbers, strict inclusion criteria, and radiographic evaluation. Limitations of this study include its retrospective nature and incomplete followup. In addition, magnetic resonance imaging was not routinely performed to radiographically confirm the diagnosis of a lateral patellar dislocation. Mechanical axis/limb alignment and tibial tubercle to trochlear groove (TT-TG) distance could not be evaluated as standing anterior/posterior lower extremity full-length radiographs and axial CT were not performed on all patients.
To our knowledge, this is one of the largest series of acute patellar dislocations in the literature. Hsiao et al conducted an epidemiologic study of more than 9,000 military service members with documented patellar dislocation injuries, and found the highest incidence of acute dislocations in the youngest age group. 18 Service members under 20 years of age were 84% more likely to sustain these injuries compared with those over 40 years of age. These authors did not evaluate recurrent instability. Fithian et al performed a large study, comparing 125 patients with a first-time dislocation to 64 patients with recurrent dislocations. 3 Most other studies on this topic have been smaller in size, with fewer than 100 patients. 19, 20 In our series, approximately 10% of patients were initially treated with surgery after the first dislocation. This is consistent with previous reports by Nietosvaara et al 4 and others. These patients had a 22.9% rate of recurrent instability. The reason for this rather high rate of recurrence may be that most did not undergo acute stabilizing procedures. Twenty patients underwent arthroscopy/loose body removal alone, without any type of stabilizing procedure. Of those, five went on to exhibit recurrent instability. Fifteen patients underwent some form of acute stabilization. Of those, three went on to recurrent instability (►Table 2).
When analyzing the entire group (regardless of initial treatment), approximately 30% of patients had recurrent instability, and half underwent subsequent surgical intervention. Recurrent instability was more likely in younger, skeletally immature patients, with sports-related injuries, and those with radiographic evidence of patella alta and trochlear dysplasia.
Controversy exists as to whether gender influences one's risk for patellar dislocation. Some authors have found an increased incidence among females, 4 though others have questioned whether this holds true. 3 Atkin et al found an equal distribution among 74 men and women with acute dislocations. 1 In our series, the gender distribution was nearly equal, and did not play a significant role in the risk for recurrent instability. Interestingly, females accounted for slightly less than half (45.7%) of patients with trochlear dysplasia.
Older age was found to be protective in our study. With each one year age increase, the risk of recurrent instability decreased by approximately 8%. Along the same lines, skeletally immature patients had greater than two times the risk of recurrent instability as those who were skeletally mature. This is to be expected, given the association between age and physeal status. Of note, none of the patients over 40 years were found to have a repeat instability event (►Fig. 3).
The mechanism of injury also had implications for recurrent episodes of instability. Patients involved in sports at the time of the initial dislocation were nearly twice as likely to have ongoing instability as those not involved in sports. This is consistent with previous studies, 2,3 and may be related to the large number of patients returning to high-risk activities.
Patients (of any age) with trochlear dysplasia had the greatest risk of recurrent instability, which was three times greater than those without trochlear dysplasia. This is clinically relevant information, which is helpful when counseling patients on treatment goals. Nearly 58% of recurrences in this series were found to have trochlear dysplasia. The combination of trochlear dysplasia and younger age demonstrated a three times increased risk of recurrent instability. Nearly half of these patients exhibited recurrent instability within the first two years. The combination of trochlear dysplasia and patella alta increased risk by 4.2 times.
Earlier surgical treatment may be recommended for patients with trochlear dysplasia who are younger than age 25 (þ/À patella alta), given the 60 to 70% risk of recurrence by 5 years. This is compared with patients of the same age without trochlear dysplasia or patella alta, for whom the 5-year risk of recurrence is only 27%. The chart shown in ►Fig. 4 may be a useful clinical tool when counseling patients and their families.
In this large series, patients with a first-time patellofemoral dislocation had a 30% recurrence rate. Younger age, immature physes, sports-related injuries, patella alta, and trochlear dysplasia were all associated with an increased risk of recurrent instability events. In particular, patients with both trochlear dysplasia and immature physes, as well as trochlear dysplasia and patella alta, resulted in the highest risk of recurrent instability. These factors should be considered when making decisions regarding operative management and timing.
